Pain management after total knee arthroplasty (TKA) and total hip arthroplasty should permit early mobilization with minimal pain. Local infiltration analgesia (LIA) is a new popular method for decreasing postoperative pain. The goal of this meta-analysis is to evaluate the efficacy of LIA in comparison with epidural analgesia. A literature search was performed in PubMed, EMBASE, the OVID database, Web of Science, and the Cochrane Library databases. The risk of bias was assessed using the Cochrane collaboration tool. Outcomes of interest included visual analog scale score, range of flexion, length of stay, and complications. Nine trials involving 537 patients met the inclusion criteria. LIA provides better pain relief and larger range of motion in TKA patients compared to epidural analgesia at the late postoperative period. No significant difference was observed in regard to the length of stay and complications. The current evidence shows that the use of local infiltration is effective for postoperative pain management in TKA patients. More high-quality randomized controlled trials with long-term follow-up are required for examining the long-term efficacy and safety of local infiltration.
INTRODUCTION
Total joint arthroplasty such as total knee arthroplasty or total hip arthroplasty (TKA or THA) is one of the most successful surgical treatments for patients with end-stage osteoarthritis. It is estimated that over 700,000 joint replacements are performed in the United States each year [1] . Pain control and comfort level are linked to earlier mobilization and initiation of physiotherapy, better range of motion, decreased length of hospital stay and risk of postoperative complications, and improved patient satisfaction [2] .
Epidural analgesia consisting of a local anesthetic agent and an opioid has been a regular regimen used for postoperative analgesia after total joint arthroplasty [3] . However, some studies have indicated that the benefit of epidural analgesia must be weighed against the frequency of its adverse effects such as urinary retention, hypotension, pruritus, and motor block that delays mobilization [4, 5] . In recent years, there is a growing interest in the use of local infiltration analgesia (LIA) containing various constituents as a modality of postoperative pain control. The LIA technique was originally performed by Bianconi et al. [6] and Kerr and Kohan [7] with promising results. The advantage of LIA is the ability to provide pain control without interfering with lower extremity motor strength, thereby allowing early mobilization of patients [7] . Studies have shown that LIA is consistently more effective in the treatment of postoperative pain after TKA or THA when compared with placebo [8, 9] . Comparison between LIA and epidural analgesia was conducted by several authors, which was more convincing to illustrate its superiority [10] [11] [12] [13] [14] [15] [16] [17] [18] . Tsukada et al. [16] have shown that local infiltration was associated with a lower visual analog scale (VAS) score and better flexion motion than epidural analgesia, while Jules-Elysee et al. [14] reported that epidural analgesia provided less opioid and a lower VAS score. Regarding different studies, analgesic 
MATERIALS AND METHODS
PubMed, Cochrane Library, Web of Science, OVID, and EMBASE were searched up to October 2015. The search terms included "local infiltration" , "periarticular injection" , "intra-articular injection" , "knee arthroplasty" , "knee replacement" , "hip arthroplasty" , and "hip replacement" . No restrictions were imposed on language. Reference lists of all the eligible studies and relevant reviews were hand searched for any additional trials.
Inclusion criteria and study selection
We identified randomized controlled trials (RCTs) comparing LIA with epidural analgesia group following THA/TKA. Any type of local infiltration (both periarticular infiltration and intra-articular infiltration) and any type of medication (both single infiltration and continuous infiltration) were included. The primary outcomes included pain score at rest or on movement. Secondary outcomes included a range of flexion, length of hospital stay, and complications. Articles that reported at least one outcome were included. Letters, comments, editorials, practice guidelines, and trials published without the outcome measures of interest were excluded. Two authors independently assessed potentially relevant citations for inclusion; disagreements were resolved with a third author.
Data abstraction and quality assessment Data were extracted independently by two reviewers. Full texts of any potentially useful studies were reviewed, disagreements regarding which studies to include were resolved by discussion. Data regarding the patient characteristics, intervention, and outcomes were extracted in duplicate by two authors using a standardized form. The postoperative pain intensity was measured by a 10 points VAS. When a numerical rating scale score was used, it was converted to a VAS score. Data in other forms (i.e., median, interquartile range, and mean ± 95% confidence interval [CI]) were converted to mean ± standard deviation (SD) according to Cochrane Handbook. If the data were not reported numerically, we extracted them by manual measurements from the published figures.
Two authors assessed the risk of bias of the included studies independently. Possible biases were recorded in a Cochrane risk of bias table. Random sequence generation, allocation concealment, blinding of participants and personnel, blind outcome assessment, incomplete outcome data, selective reporting, and other sources of bias were measured with care.
Statistical analysis
Review Manager Software (Revman 5.3, Cochrane Collaboration, Oxford, United Kingdom) was used for the meta-analysis. The heterogeneity of the studies was tested using the I 2 statistic and Chi-squared tests. A fixed-effects model was used when the heterogeneity test did not reveal statistical significance (I 2 < 50%). Otherwise, the random effects model was used. Mean difference (MD) with 95% CI was calculated for the continuous data and relative risk (RR) with 95% CI for the dichotomous data.
RESULTS

Search results
After comprehensive searches, 1354 citations were found. We excluded 549 duplicates and 789 citations after screening the titles and abstracts. After reading full texts, 7 citations which did not fulfill the inclusion criteria were excluded. Finally, 9 RCTs were identified in our study ( Figure 1 ) [10] [11] [12] [13] [14] [15] [16] [17] [18] .
The characteristics of the included studies are presented in Table 1 . Six hundred and seven TKAs (local infiltration/ epidural analgesia: n = 302/305) in 537 patients (bilateral/unilateral: n = 70/467) were performed in 9 RCTs. The baseline characteristics between the two groups were well matched in each trial. One study investigated the effect of LIA by placement of a bilateral TKA.
Study quality
Of the nine included studies, eight were randomized by computer generated numbers or random table using sealed envelopes, while one study did not mention its design. Only two trials were double-blind to patients and outcome assessors while four were not able to be blinded for the trial designs and three did not mention it. The methodological quality of included studies is seen in Figure 2 .
Results of the meta-analysis
VAS score at rest
Five studies with 272 patients showed a VAS score at 12 hours postoperatively [12, 13, 15, 16, 18] . No significant difference was found between local infiltration and epidural analgesia ( Figure 3A ) (MD = −0.42; 95% CI = −1.03-0.20).
Nine studies, which included RCTs with 537 patients, showed a VAS score at 24 hours postoperatively [10] [11] [12] [13] [14] [15] [16] [17] [18] . The meta-analysis showed no significant difference ( Figure 3B ) (MD = −0.08; 95% CI = −0.49-0.33). The subgroup analysis showed the same result.
Six studies with 446 patients showed a VAS score at 48 and 72 hours postoperatively [10, 11, 13, 14, 16, 17] . The meta-analysis reported that local infiltration had a lower VAS score than epidural analgesia ( Figure 3C and D) (MD = −1.08; 95% CI = −1.86 to −0.29 and MD = −0.82; 95% CI = −1.24 to −0.4). In the subgroup analysis of THA [14, 17] , the meta-analysis of two studies showed no significant difference between local infiltration and epidural analgesia at 48 and 72 hours postoperatively. However, the results combined from four studies [10, 11, 13, 16] showed that in TKA local infiltration significantly reduced the VAS score at 48 and 72 hours.
VAS score on movement
The VAS score showed no significant differences between the two groups at 24 hours (MD = 0.38; 95% CI = −0.37-1.12) ( Figure 4A ) [10, 11, [14] [15] [16] [17] . However, in THA [14, 15, 17] , epidural analgesia showed a reduced VAS score, while in TKA [10, 11, 16] , there was no statistical difference. In THA [14, 17] , no significant difference was observed between the two groups on movement at 48 and 72 hours postoperatively (Figure 4B 
Range of knee flexion
Three studies [11, 13, 16] reporting a range of knee flexion were included in the meta-analysis. Local infiltration had better flexion at 24, 48, and 72 hours (MD = 7.2; 95% CI = 3.16-11.23; MD = 6.69; 95% CI = 3.78-9.59 and MD = 5.19; 95% CI = 0.95-9.44) ( Figure 5A-C) . 
Length of hospital stay
Pooling four trials [10, 11, 14, 17] with 265 patients, the results showed that local infiltration failed to reduce the length of hospital stay (MD = −1.12; 95% CI = −2.33-0.09) (Figure 6 ).
Complications
The meta-analysis of five studies [11] [12] [13] 16, 17] revealed no significant difference in the incidence of nausea between the two groups (RR = 0.46; 95% CI = 0.19-1.11) ( Figure 7A ). The [11, 13, 16, 17] showed there was no statistical difference between local infiltration and epidural analgesia (RR = 2.02; 95% CI = 0.51-7.99) ( Figure 7B ).
DISCUSSION
To our knowledge, this is the first meta-analysis of RCTs comparing the efficacy and safety of local infiltration with epidural analgesia in the management of postoperative pain in THA and TKA. The most important finding of this study was that in TKA local infiltration may have better pain relief in the late postoperative period compared with epidural analgesia, and in the early postoperative period, local infiltration provided postoperative analgesia comparable to that of epidural analgesia. Moreover, there was no significant difference in pain relief between local infiltration and epidural analgesia both in the early postoperative period and in the late postoperative period in THA.
Pain intensity was measured as VAS score at 12, 24, 48, and 72 hours after THA and TKA. In THA, local infiltration showed no superiority in analgesic effects over epidural analgesia both at rest and on movement, while in TKA local infiltration showed better pain relief in the late postoperative period both at rest and on movement compared to epidural analgesia. The different outcome between THA and TKA may be due to the different pain intensities between THA and TKA. The different outcome between early and late postoperative periods may be due to short With respect to functional recovery, local infiltration had a wider range of flexion at 24, 48, and 72 hours postoperatively. This may be explained by the fact that the pain scores were consistently lower in the local infiltration group when compared with the epidural analgesia. Mullaji et al. [19] suspected that the duration of the effect of methylprednisolone 
FIGURE 7. Analysis of the complications such as nausea (A) and wound infection (B).
A B acetate led to extended pain control, thereby aiding flexion. Additionally, because local infiltration affects only the surgical area with moderate analgesia, there is limited interference to muscle strength of the lower limb. The application of continuous epidural analgesia has been reported to lengthen motor block compared to LIA [20] . Thus, improved mobilization was observed in the local infiltration group [7] .
Regarding the length of hospital stay, our study failed to demonstrate any significant difference in the length of hospital stay between the two groups. The length of hospital stay following TKA and THA depends on many factors including factors unrelated to the patient' s medical or rehabilitation status.
Although we observed some differences when comparing the incidence of nausea between the two groups, there were no significant differences showing the method of local infiltration being better or worse. Also, there was no difference in wound infection between the two groups. In a meta-analysis of studies involving the continuous infusion of local anesthetic into the surgical wound after various surgical procedures, Liu et al. [21] found that there was no statistically significant difference in wound infection rates between patients who received active treatment (0.7%) and those who received placebo treatment (1.2%).
Considerable heterogeneity across the trials exists in our meta-analysis which might have a bias impact on our results. This could be the result of non-standardized local infiltration and different administration methods and study designs. First, the cocktail content differed from each other. Six studies [10, 11, 13, [15] [16] [17] used ropivacaine, two studies [14, 18] used bupivacaine, six studies [11] [12] [13] [14] [15] [16] used morphine, five studies [10, 11, 13, 16, 17] used ketorolac, and four studies [13] [14] [15] [16] used corticosteroid. Ropivacaine has the similar efficiency to bupivacaine but is associated with a longer acting and fewer complications in the nervous and cardiovascular systems [22, 23] . Second, different administration methods were used in nine trials. Five studies [12] [13] [14] [15] [16] had a single-shot infiltration, and two studies [11, 17] had a combination of intraoperative and postoperative infiltration, whereas another two studies [10, 18] used continuous infiltration. Zhang et al. [24] found that continuous local infiltration provided prolonged superior analgesia and were associated with more favorable functional recovery and patient satisfaction compared with single local infiltration. Moreover, most trials were not sufficiently blinded due to the design, which may also arise a bias. Therefore, the standardization of the multimodal drugs and administration methods should be dealt with carefully.
In addition, the optimal site of administration of local infiltration should be of concern. Five studies [13] [14] [15] [16] 18 ] used periarticular infiltration and four studies [10] [11] [12] 17 ] used intra-articular infiltration. There were several trials comparing intra-articular infiltration with periarticular infiltration. Andersen et al. [25] and Perret et al. [26] concluded no clear statistically significant benefit with either technique. On the contrary, Tsuyoshi Nakai et al. [27] showed the level of pain control was higher in periarticular infiltration than in intra-articular infiltration. Therefore, further studies are needed comparing the pain-relief efficacy between intra-articular infiltration and periarticular infiltration to confirm the optimal site of administration.
Furthermore, in this meta-analysis, we focused on the pain score, range of flexion, length of hospital stay, and complications shortly after THA and TKA. However, longer follow-up would be preferable to evaluate the results, especially in terms of long-term knee motion and complications. A study about the long-term outcome of local infiltration is needed to solidate the advantage of local infiltration.
Another limitation of the meta-analysis are the small sample sizes in each study. The overestimation of the treatment effect is more likely in smaller trials compared with larger samples. Furthermore, variable reporting of outcomes and inconsistent definitions mean that some data were provided insufficiently. Ultimately, some outcomes could not be included in the meta-analysis, which might lower the level of evidence.
CONCLUSION
Local infiltration appeared to be an efficient and safe alternative for postoperative pain management in TKA. There is a high level of heterogeneity between the studies, and more homogenous research is necessary to validate our conclusion.
